TANTA UNIVERSITY 
FACULTY OF ENGINEERING 
DEPARTMENT OF MECHANICAL POWER ENGINEERING 
SECOND YEAR STUDENTS OF MECHANICAL POWER ENGINEERING 
COURSE TITLE: HEAT TRANSFER (1) COURSE CODE: MEP2206 
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Remarks: (answer the following questions; assume any missing data, steam and heat tables and 
charts are allowed) 

Problem number (1) (18 Marks) 

a) Derive the expression for the thermal resistance through a hollow spherical shell inside 

radius n, and outside radius r 0 having a thermal conductivity k. (6 Marks) 

b) The suction line of a refrigerator carries a refrigerant at -20 °C and surrounded by air at 20 
°C, the pipe line is made of a steel tube of 50 mm inner diameter, 5 mm wall thickness and 
thermal conductivity of 58 W/m.K. If the inside and outside convective heat transfer 
coefficient is 2300 and 6W/m 2 .k respectively, calculate: 

1. The thickness of insulation which prevent water vapor to be condensed at the outer side, 

f 

considering that the dew point of air is 15 °C. 

2. The rate of heat transfer from air to the pipe per unit length if kins = 0.042 W/m.K (12 Marks) 

Problem number (2) (18 Marks) 

a) Will the thermal contact resistance be greater for smooth or rough surfaces? (3 Marks) 

b) Define the reradiating surface, radiation shields, and irradiation. (3 Marks) 

c) A plane wall is a composite of two materials, A and B. The wall of material A has 
uniform heat generation q= 1.5 x 10 6 W/m 3 , Ka = 75 W/m . K, and thickness La = 50 
mm. The wall material B has no heat generation with Kb = 150 W/m . K, and thickness 
Lb = 20 mm. The inner surface of material A is well insulated, while the outer surface of 
material B is cooled by a water stream with Too = 30 °C and h = 1000 W/m 2 . K. 

1 . Sketch the temperature distribution in the composite under steady-state conditions. 

2. Detennine the temperature T 0 of the insulated surface and the temperature T 2 of the 

cooled surface. (12 Marks) 

Problem number (3) (18 Marks) 

a) Explain how the fins enhance heat transfer from a surface. Also, explain how the addition 

of fins may actually decrease heat transfer from a surface. (6 Marks) 

b) A long and thin copper rod of 6.4 mm diameter (k = 372 W/m.°C) is exposed to an 
environment at 20 °C. The base temperature of the rod is 150 °C. The heat transfer 
coefficient between the rod and environment is h = 15 W/m 2 .°C. Determine 
(1) the heat given up by the rod (2) fin effectiveness (3) fin efficiency. (12 Marks) 
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Problem number (4) (18 Marks) 

a) In what medium is the lumped system analysis more likely to be applicable: in water or in 

air? Why? (6 Marks) 

b) A new process for treatment of a special material is to be evaluated. The material, a sphere 
of radius r 0 = 5 mm, is initially in equilibrium at 400 °C in a furnace. It is suddenly 
removed from the furnace and subjected to a two-step cooling process. 

Step 1 Cooling in air at 20 °C for a period of time ta until the center temperature reaches 
a critical value, T a (0, t a ) = 335 °C. for this situation, the convective heat transfer 
coefficient is h a = 10 W/m 2 . K. 

After the sphere has reached this critical temperature, the second step is initiated. 

Step 2 Cooling in a well-stirred water bath at 20 °C, with a convective heat transfer 
coefficient of h w = 6000 W/m 2 . K. 

The thermophysical properties of the material are p = 3000 kg/m 3 , k = 20 W/m . K, C = 
1000 J/kg . k, and a = 6.66 xlO' 6 m 2 /s. 

1 . Calculate the time t a required for step 1 of the cooling process to be completed. 

2. Calculate the time t w required during step 2 of the process for the center of the sphere 

to cool from 355 °C (the condition at the completion of step l)to50°C. (12 Marks) 

Problem number (51 (18 Marks) 

a) Explain the Planck distribution for the black body? (6 Marks) 

b) A fluid flows through a long tube of 20 mm diameter and the outer surface of which is 

diffuse and gray with ei=0.02 and Ti=77 K. This tube is concentric with a large tube of 50 
mm diameter and the inner surface of which is diffuse and gray with 82=0.05 and T2=300 
K. The space between the two surfaces is evacuated. Calculate the heat gain by the fluid 
per unit length of tube. If a thin radiation shield of 35 mm diameter and 83=0.02 (for both 
sides) is inserted midway between the inner and outer surfaces, calculate the change in the 
heat gain per unit length of the tubes (as a percent ratio). (12Marks) 


With my best wishes 


EXAMINER DR. ELSAYED ELSAID 
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Answer ALL the following questions: 


The first question (25 marks) 


a Draw the power flow diagrams for d.c generator and d.c motor, 
b Explain the load characteristic of D.C compound generator. 


Explain the characteristic of d.c shunt motor. 


^ Write the various methods used for starting of three-phase induction motor. 

e Draw the phasor diagram of three-phase synchronous generator at lag power factor, lead power 

factor and unity power factor. 

The second question (20 marks) 

a A 4 pole, lap wound 750 r.p.m. d.c. shunt generator has an armature resistance of 0.4 ohm and 
field resistance of 200 ohm. The armature has 720 conductors and the flux per pole is 30 mWb. If 
the load resistance is 1 5 ohm, determine the terminal voltage 

b A DC series motor has the following data: 

Armature resistance = 1.5 ohm, series field resistance = 2.5 ohm, supply voltage = 300 Volt, 
mechanical losses =300 W, if the input power is 6 KW at 3000 R.P.M, find the motor's 

efficiency. 

The third question (20 marks) 

A 5KVA, 500/250 V, 50 Hz, single-phase transformer gave the following readings, 

Open circuit test : 500 V, 1 A, 50 W (L.V. side open) 

Short circuit test : 25 V, 10 A, 60 W (L.V. side shorted) 

Determine 

a- The efficiency on full load, 0.8 lagging power factor, 
b- The voltage regulation on full load, 0.8 leading power factor, 
c- The efficiency on 60% full load, 0.8 leading power factor. 

d- Draw the equivalent circuit referred to primary and insert all the values in it. 

The fourth question (20 marks) 

A 480 V three-phase induction motor is drawing 60 A line current at 0.85 power factor lagging. The 
stator copper losses are 2000 W, the core losses are 1800 W, the rotor copper losses are 700 W and the 
friction and windage losses are 600 W. draw a power flow diagram indicating the following quantities: 
a- The air gap power 
b- The developed (converted) power 
c- The output power (shaft power) 
d- The efficiency of the motor 

e- The slip 


Good Luck and best wishes 
Dr. Abd El-Wahab Hassan 





















(8 Marks) 



Ouestion (4) (18 Marks) 


A- Explain briefly the different types of similarity. 

(5Marks) 

B- Explain the Reynolds similarity. 

(5Marks) 


C- A test was made on a pipe model 15 mm in diameter and 3 m long with water flowing through it 
at the corresponding speed for frictional resistance. The head loss was found by measurement to be 
7 m of water. The prototype pipe is 300 mm in diameter and 240 m long; through which air is 
flowing at 3.6 m/s. Density of water and air are 1000 kg/m 3 and 1.22 kg/m 3 respectively. The co- 


efficient of viscosity of water and air are 0.01 and 1.8* 10" 4 poise respectively, find: 

1- The corresponding speed of water in the model pipe for dynamic similarity, and 

2- Pressure drop in prototype pipe 

(8 Marks) 

Ouestion(5) (18Marks) 


A- Define the correction factors for kinetic energy and momentum, (a, P). Use them to calculate the 
head difference between two points in pipe flow, give a comment on the results. (5Marks) 

B- Explain the terms: Major energy losses and minor energy losses in pipes. 



C- A clean cast iron pipeline 0.30 m in diameter and 300 m long connects two reservoirs having 
surface elevation 60 m and 75 m. calculate the flow rate through this line, assuming water at 10 °C 
and a square - edged entrance, For water at 10°C: v=1.306 *10' 6 m 2 /s, assume that the relative 
roughness e/d equal to 0.0008 (8 Marks) 


fy/ith (Best WisHes (Dr. MohamecC JLmro 
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(Answer the following 5 questions, with simple drawing) 


Q1 (15 mark) 

a) Define the following terms (Desired Inputs - Interfering Inputs) 

b) In a test, temperature is measured 100 times with variations and procedure. 


After applying the known 

correction, t 

ie results are: 

Temp. °C 

397 

398 

399 

400 

401 

402 

403 

404 

405 

Frequ. F 

1 

3 

13 

22 

38 

16 

4 

2 

1 


Calculate: (a) arithmetic mean, (b) mean deviation, (c) standard deviation and 
probable error of the mean, and (f) standard deviation of standard deviation. 


Q2 (15 mark) 

a) Define the following terms (True Value - Precision - Dead Zone) 

b) The following data are expected to follow a linear relationship of the form 

y = ax + b. obtain the best liner relation in accordance with a least square 
a nalysis. 


X 

0.9 

2.3 

3.3 

4.5 

5.7 

6.7 

7.8 

y 

1.1 

1.6 

2.6 

3.2 

4 

5 

6.1 


Q3 (15 mark) 

a) With simple drawing, make a comparison between Series and Parallel 
connections of thermocouples. 

b) A bimetallic strip element has one end fixed and other free, with the length 
of cantilever being 40 mm. the thickness of each metal is 1 mm and the 
element is initially straight at 20 °C. One of the metals with an expansion co- 
efficient of 12.5xl0' 6 / °C , and the other with a negligible value. Calculate 
the maximum and minimum movement of the free end, if the measuring of 
the temperature ranges from 00 °C to 250 °C. 


1 1 2 



04 (15 mark) 

a) With simple drawing, express the equation of the pressure difference of a 
Well Type Manometer. 

b) A well type U-tube manometer using a liquid of specific gravity of 0.8 has 
a well of 50 mm diameter and a tube of 2 mm bore. If a scale correctly 
graduated in mm is 0.0 mm, calculate the reading on scale when a pressure 
difference of 10.64 cm of water is applied. Calculate the percentage error in 
reading and the actual error in kPa. Is the instrument more or less sensitive 
than a simple U-tube manometer? 

Q5 (15 mark) 

a) With simple drawing, express the equation of the mass flow rate using the 
Rota meter as a measuring device. 

b) A venturi meter having a throat diameter d 2 =100 mm is fitted into a 
pipeline which has a diameter d/=250 mm through oil of specific gravity 0.85 
is following. The pressure at the entry is 2.25 bar while at throat is 1.426 bar. 
Calculate the mass flow rate through the pipeline. 


EXAMINERS 

Dr. Esam el kinany 






Best wishes 


212 





I 


Tanta t.. 
University 



Department: Prod. Eng. and Mech. Design Faculty of 

Total Marks: 75 Marks Fnainpprin 


Engineering 


Course Title: £^VI 4-uiJiA 

Course Code: MPD2252 

Year: 2 nd Power Eng. Dept " 

Date: -06-2014 

Allowed time: 3 Hrs 

No. of Pages: (2) 


I 


dii*i Uls uSIaJI fjm Jb djjUl UX ja 


yi+jj ijj 

LiliLxl LxJajx Aj^alii ^ic- SjjjxJI JxljxJI (ji3Uj jSii AiP 4 Jjxx3Ij ufl jP -I 

4oijl3 Ajjali. JLajil Ixjj SjLajjjij lls j ?Jxjil 4j£jjlixaJ| jaJI ^lp (Jx jJI J£ui jjjIj J$ji -<-J 

Lax j£ ^LLV AjljjL jLuolklj £ jxil -£ 

r jhh ^ ) 
.ApLuJI j*a(Y) 

.(jjx V* Sjlia >Ijx) JJJ$ 011 a (f) 

) O ) -; Lr JijJl JJjjjJl 

.YLLJjll J £ jjxAll l A^uiLujV! (jjjji]| jSiij Y^jjxJ ^jxuVi Up Igjlpl jx l t i>j JxljxJl jSii -I 
j»Ldl ^XxAjJI (jjiij ^llxiuAj (jJjLixJI JJp) kjAJijll ^XuiAjJl 4 j L ap £ jxul J — ^IxJ! ^UxVU l (JjjI j L_u£ JJ L-h^2 -LJ 

-j^L Lax Jil AxujLuiVI LijUajll ^ La -£ 
.(-mail ^Uaj - P) 
.tfSLill - (Y.) 

-(r) 

jj I o ) -fdjJLlII J! juuJ/ 

4jxJfci j£j £x YjJlxJi ^LaAll fjb QjyxuVj ] j (jA±hjjy\ ^jjjljixu/l qu £jjli LlJjSj? jjlxll (j±i Qjli -i 

.Y^jjlxixuiVI 

. 1 I , ..-V » 1 i M l (JjLllxP 1 a ,jy ^ -LJ 

,<LLua j]| Jbulj JLui - f .IgxLaJ mijUaxll SjLaJI £ jj - Y .AxAxluixJI AiLlaJl £jj - \ 

4jj j^M (jj3 LjLa.jxll ^llaJLuibj t4jjj^| (jjS ljL^jxJI ^UVujLj ^laUl ^ AiJllj Jjxx Sjj^xil JxljxJI -£ 

.AjlJjjliJVI 
# f <L± jj 1 o j (J! >J/ 

(j* jaII JjLj jLull <jjj Laj ? ( yLjf^l qmjUL ^LxLI AxxiL ^Laj ?^lail 

# ?Sa1jjx11 aSLLII £x 

^dxuJI i t ijV».i,*« jj AiMxll ^La J _ ^tkuill j*iiL (f) ^ jxj (Y) (') -: V La -lj 

_. Ajjlill A^UuJI JL» j jbl^l (3^1a j L/alL Li -^r 
.Aj^la^l 4 jaxj jblil 
.JLa jll 4 ^ jxj jLuxI (Y) 

.JLa J\ Ajjlij jUHI (r) 

'f*L±jJ 1 0) JS JuuJ/ 

AI/Lx jJl) -.yjJj jiLiliy/ lj^J LLi p~ua ;¥ji 


- AiU _jud| J 1 aj L5 a j J - U-^ ' 

_ n A y,\ \ 5j_^i - L-La±A\) \ Uuj ULu i( c 3fui Ux ojo 2 - f lja.1 0^ 

.(Hot Spots) iiitudl ialHII Alt Aoall jib ^ui (SJjUl 

^ A£Uxil £ibu (oiUi^l - 0^1 SjIaImiI - Jjx^I - ciUaj-r 

_ SjlAl— ml - Jj* -wall - Jj^joil - Ajjiudl) £Uui ^AiLuxJ Uuj cAJIj cjJaju LjU IaC- f 1»1 ^1 

. L-ilUJl jlAa. jaJ mnauj qAjlaIS ^)iVu {JLjj-ui iAj! A^V ^(JjLaSj^I 



' .y- *ill) - — 1, f ♦. . . 

j i4c) .. - , * *’ -fcO&II) iuSL, . 




L_ JW "- 


/ , an j v ( ° 

; ^ / . 

( > •»>CLaI| ij|, , — Zs! ^=Ld^LCvH^ .. . .,. 

-o^i 

/ ; 

, ^ • ituiii. u." 1 * 1 J “-> vO s— ji 4^*/ J “ jtl ^ J 11 "'- r 

, ( > _ e DM ^ ** *u ^ ; u,j ^ <*-» ^ 

( )-iu^jj) O o . . cr'J^J) jUhj ^ . *** J < *W>U]| j-uL^j) 

r w -* *• - oi „ Ec z: 

‘ ^ « «*.»** A ^ ^ ^ 




UalL 


AuU^J! 



A jSnlSU I (jjAll UuJifc ^ 

UlxjjUl! j ^LL-JI >»Vl :SjU 1I ^xuil 

MEP22H6 


2014/6/26 jl^iiVI 2djUi 

&UC.L- (> j 

50 a^jjII 



AjfLjjlSUl ^ jill 4 _LnaiA - . .i» 

2005 <aJV 4*3511 

^Ijill >ail|) jjj jj 

2013/2014 


( 4 *> 14 ) JjVIJIj-U 

? 2^04 J U 45 jIx £j$j CP AUU 1 ! jljiVI ^1 £j£ 1 \ jSj! (j 
(class A, B, C and D) UHilij >lAllj JjVI f jiil <> 1 jx o# ojii n 

J l ^ _ jjJ^ll JaxII >U 4 -AbiLuSJl jIjaII OjjxI tljlSUaa :c j& Aijxi U C> il! ^ >jj ( ( 

Aj^ii oil 

? 0 - 1^1 Cj 1 Jx 4 Oliualj^j £|jj| ^ j£j| ((j 

.. . „ tl , (**> 10 ) >oii ji j -^uJi 

u-*^ ^ ^Uxll ue I* o^j ujIjx 10 lhjUj J^U. £j|jxJ| jjc, Ul£ jJUUi jxi ^ ( a \ 

CJL-oJt da.) ^ .fjj 200 Jljaj iJljaJl AxU SjjiUl >xll fbl CtSSj t >lp 200 Sjtill 
jjc^jl. ^ISj a 5 jU 55 jA ajtfil tpL diiljaJl JJfr iSulS JbUI ^a J^ >llj ^>VI 
ajlia pjj 300 J'JW >j&» 6 -iljxll AxU SjjiLJl >xll ^bl Ul£ j * >b, 2200 S>ill oU > judl 
Ajc-j^I SjjJaaJl >U - djljxll Sjjkk >Ijl 4 - JjJljxJl jj > >U _4 -dux ^ ^ 

* ^ ^ U 5 jjiai AxjJ JjJxj > 5 jii>l| >|j«J| ^ U (b) 


(**> 14 ) 


cbibll) Jl j 4 ,ji 


ji 4 25 ^ JU to pbbjUl j jU* jA Ufl Jj^j 120 jA AI^U ^bbjba ^ 0 l£ |i| 

•60^11 AxJUil) *UaiVI ^1 C> U1 ^4 Jifr 

? ^UuVl ^a, J! (bjlj^U)) Jil^uJl JlSiil (4Jl6) jja j£j| # ^ ^ 

n . . . . -VJL^t J ^.J^LII OIL^I >d| >A! ^j| 

g>U)j ^liaa^VI Op> <> iajx^l pUl o^Uki j ^il^SlI 0fi lilx4 j C>*jU\ ^! ^ a plik4 ^ 


UaUl jj ^ ^ 4 JLUJ) aj bxi| ^U 1 (X ) j Wll 6 jUJl ( V ) ^ 4 ^ ^Ja 

®j 24 yi tWl jA JjJljaJi ^jSj Jjj 3 J 4 U- .1 

(bui^aJI JJC Cjj 4 !i o^jL) JjjljaJ! £jSj Jjj 3 (> 1 X 4 Jb jj >xib JLulSI jjc j|J US 2 
cbjtjUl UXU 4 J a J jSjUI fLVI U >^4 JjjljaJl JJC JA ajjkxil >lx* .3 

AJU ^a fUj) ^LUij Jl jSV! buU (»jxi Lia Jxlj ^ijU >c >ob 4 

f>— 10 u& >J V Ol SAW fcjljkll AjJUi ijV) bjLa!jUJ| jl^ ^U 2 jj .5 
^iill Ai^ j 0 J^a>» JJC. 4 >jj >|ji] ujIjjVI ^Aj ^| tuau .SJJ^Ji (> .6 

. . JUU(V ek -^ 1 J^abc (_> jisi j) Jx! j j*Ufr >1 JJ j) Jxljj .7 

J^lj bi 3 j ^ Ais^i JUI^VI Jjxj luoj cu Jilja, (Class C) t jUl jij* .8 

^lUV! jUi Jfc j J 4 uiajb .9 

<»VI t> >lxll Ajlij] A-»>U! CiUxklllj AjjJVI yA Aj^aiUll AjlSjll CjUjlluw .10 
, - . Abjfill >uajill fij;ix J|j 4 xluaj 4 JI 0 j jaJl (j-aJUax 1 1 

c^l J! ^JSVI J>-j ^ ^ik-Vl jl 6^1 ji JjjJI > Cjui^ & Sjl^ JA jjLajHI >|jl| ji^ui ; 12 

ljIjxUI ^jax >|J JjjUI flilal CliUljliLul Jjxj Au^UI A- 4 MUI JC«I ja > .13 

... . L ^ 1 jl >toj Ajjb u >1x1 >*J| ^Oaj juabxl AJLUVI oUUxaJl .14 

"JjU JISj US csl jxVI >& >mJ| ^buj JUJI 0*1 >Uill ^ J>J jill JA JoaJl jjIjVI ^1 .15 

J|>VI — JIjaJI — JUI (jjilj ^ >*J| ^Uaj j<uabc- .16 
# JaxI 4 Jjl iajiU^ll fUl a^Lftka AJIjkuj) .17 

^ JUi “ VI J ^ Uc ' <> ^ ■ U| J W-u ^ Jilj». y» (Class A) JjVI £ Jill Jilja. . 1 8 


l . / k 


—t - *t 1 


•i .* 


-« • 





